ABSTRACT. West Greenland's transition from a cod-fishing to a shrimp-fishing economy, ca. 1960-90, provides a case study in the human dimensions of climatic change. Physical, biological, and social systems interacted in complex ways to affect coastal communities. For this integrated case study, we examine linkages between atmospheric conditions (including the North Atlantic Oscillation), ocean circulation, ecosystem conditions, fishery activities, and the livelihoods and population changes of two West Greenland towns: Sisimiut, south of Disko Bay, and Paamiut, on the southwest coast. Sisimiut prospered as a fishing center through the cod-to-shrimp transition. Paamiut, more specialized in cod fishing, declined. Their stories suggest two general propositions about the human dimensions of climatic change. First, socially important environmental changes result not simply from climatic change, but from interactions between climate, ecosystem, and resource usage. Second, environmental changes affect people differentially and through interactions with social factors. Social networks and cohesion (social capital) are important, in addition to skills (human capital), investments (physical capital), and alternative resources (natural capital): all shape how the benefits and costs are distributed.
INTRODUCTION
The rise and fall of West Greenland's cod fishery during 1920 -90 reflects interactions between climate, ecosystem, and society. This fishery arose around 1920, as warming currents brought in Atlantic cod (Gadus morhua) and allowed spawning in the waters off southwest Greenland. At about this same time, warming also contributed to the decline of seal hunting, which had been Greenlanders' traditional livelihood. Cod fishing subsequently became a mainstay of the Greenland economy, the focus of much infrastructure and planning (Mattox, 1973; Rasmussen and Hamilton, 2001 ). The cod fishery declined steeply in the 1960s, however, as waters cooled again (Buch and Hansen, 1988; Vilhjálmsson, 1997; Borovkov and Stein, 2001; Buch et al., 2001) . Although climatic change influenced both the rise and the fall of cod fishing, it did so through interactions with human resource use. Overhunting across the northern Atlantic contributed to the earlier decline of sealing (Mattox, 1973) . In a parallel fashion, decades later, overfishing helped drive down the cod stocks (Rätz, 1992 (Rätz, , 1999 . Social factors filtered the consequences of both transitions for Greenlanders who depend upon marine resources (Mattox, 1973; Marquardt et al., 1999; Rasmussen and Hamilton, 2001) .
The northern Atlantic is physically dynamic, a turning point for global ocean circulation that is implicated in rapid prehistoric (and possible future) climatic shifts (Mayewski et al., 1994; Manabe, 1995; Broecker, 1997; Ganopolski and Rahmstorf, 2000; Blunier and Brook, 2001) . Some analyses suggest that greenhouse-induced global change might be manifest through amplification of a longstanding pattern of variation called the North Atlantic Oscillation (NAO), which in recent years has attained historically unprecedented highs, associated with widespread climatic changes in the Northern Hemisphere (Hurrell and Van Loon, 1997; Langenberg, 2000; Serreze et al., 2000; Hurrell et al., 2001) . Air pressure variations that characterize the NAO (and the related Arctic Oscillation, or AO) affect wind and sea conditions around Greenland, and hence also the ecosystems that those seas contain (Jakobsson et al., 1994; Dickson et al., 1996; Vilhjálmsson, 1997; Buch et al., 2001; Turrell and Holliday, 2001) .
Northern Atlantic ecosystems have shown recent volatility. Cod and other demersal fish, keystone predators, exhibited declines that led to fishery crises during the 1980s and 1990s-not only off Greenland, but also in New England, eastern Canada, Iceland, the Faroe Islands, Norway, and northwestern Russia (Arnason and Felt, 1995; Hannesson, 1996; Boreman et al., 1997) . As predatory groundfish became less abundant, commercially significant increases were often observed in populations of invertebrates, notably shrimp, crab, and lobster. Fisheries necessarily adapt to changing resources, but these adaptations require social changes on land (Hamilton and Haedrich, 1999; Hamilton and Butler, 2001 ).
In the case of West Greenland, climatic variation and fishing pressure together caused an ecological shift that transformed the livelihoods of fishing folk and communities. As the cod fishery vanished, it was replaced economically by rising fisheries for shrimp (Pandalus borealis) and Greenland halibut (Reinhardtius hippoglossoides) (Hvingel, 1999a; Hamilton et al., 2000) . In this paper we follow a series of links connecting large-scale atmospheric variations to local ocean conditions, ecosystem, fisheries, and coastal communities during Greenland's cod-to-shrimp transition. Transient natural advantages of certain West Greenland settlements (Fig. 1) , interacting with social forces, formed the local dimensions of climatic change.
THE NAO AND WEST GREENLAND CLIMATE
The North Atlantic Oscillation (NAO) refers to a largescale alternation of atmospheric mass between the Icelandic Low and the Azores High pressure centers, most pronounced in wintertime (Hurrell, 1995; Dickson et al., 1996) . Together with the better-known El Niño/Southern Oscillation (ENSO), the NAO explains much of the interannual variability in worldwide weather and climate (Hurrell and van Loon, 1997) . Calculations based on differences between historical air-pressure measurements from Lisbon, Portugal, (or alternatively, the Azores or Gibraltar) and Stykkishólmur, Iceland, yield an NAO index extending back into the 19th century (Hurrell, 1995) . Analyses of ice cores, tree rings, and other proxies have found long-term evidence of decadal-scale climatic cycles around the North Atlantic, although their relationship to the modern NAO remains problematic (Schmutz et al., 2000) .
Positive or high-NAO conditions classically involve a low-pressure anomaly centered on Greenland, with a zonal high-pressure anomaly across the Atlantic to its south, and strong westerly winds in between. Surface winds tend to be northerly over Greenland and eastern Canada, bringing down cold Arctic air. Conversely, negative or low-NAO conditions involve higher pressure over Greenland and lower pressure to the south. Surface winds tend to be southerly and air temperatures warmer over Greenland and eastern Canada. Sea and air temperatures around West Greenland respond to changes in the NAO, but not in a simple, consistent way. Figure 3 graphs mid-June sea temperatures (0 -40 m) on Fylla Bank, west of Nuuk. Above-average temperatures in the 1960s occurred during the negative NAO phase. Warm, Atlantic-origin Irminger Current water (mixed with colder local water) often extended from Cape Farewell up the west coast to Fylla Bank or beyond. The coldest event in this series indicates the arrival in 1969 -70 of the Great Salinity Anomaly, which originated as a pulse of Arctic ice and water blown out through Fram Strait during the negative-NAO conditions of the 1960s (Dickson et al., 1988; Belkin et al., 1998; Hilmer et al., 1998) . Belkin (2000) reviews evidence that discharge from the Greenland Ice Sheet also contributed to Atlantic salinity anomalies of the 1970s, 1980s, and 1990s. Ice Winter NAO index 1900 NAO index 1910 NAO index 1920 NAO index 1930 NAO index 1940 NAO index 1950 NAO index 1960 NAO index 1970 NAO index 1980 NAO index 1990 Cross correlation Lag sheet attrition appears to have accelerated recently, making its contribution more significant in the 1990s. The second-coldest spike in Figure 3 reflects the arrival in the early 1980s of another temperature/salinity anomaly (termed GSA '80s, in contrast to the previous GSA '70s) that did not originate through distant Fram Strait, but was formed locally in the Labrador Sea/Baffin Bay, with contributions from Arctic freshwater outflow through the Canadian Arctic Archipelago. The winters of 1982-84 brought the coldest air temperatures ever recorded in Nuuk or Aasiaat (Disko Bay), along with correspondingly severe sea ice conditions offshore. Both this local cooling and the outflow of Arctic water were driven by strong northerly winds of the positive NAO phase (Belkin et al., 1998) .
After 1970, the Arctic/North Atlantic climate system changed in many respects (Hurrell and van Loon, 1997; Serreze et al., 2000; Morison et al., 2000 Morison et al., , 2001 . Morison et al. (2001) refer to the Arctic changes collectively as Unaami, a Yupik word for "tomorrow." Local manifestations of these system changes included shifts in atmosphere-ocean interactions off West Greenland (Buch et al., 2001) . Figure 4 contrasts the cross-correlations between NAO and Fylla Bank temperature during low-NAO (1950-70) and high- NAO (1973 -96) phases. Same-year correlations are positive (r = + 0.48) during 1950 -70, indicating that higher-NAO years tended to have warmer sea temperatures (relative to 1950-70 means). But same-year cross-correlations become stronger and negative (r = -0.70) during 1973 -96, indicating that higher-NAO years coincided with lower sea temperatures. The 1950 -70 relationship exhibits more "memory," in that the correlation between NAO and temperature the following year (r = + 0.36 at the +1 lag) remains significant. During the 1973 -96 period, however, there is little correlation between NAO and following-year temperature. Buch et al. (2001) observe that after 1970, positive NAO conditions moved the Atlantic Current eastward so that its offshoot, the Irminger Current, had less effect on West Greenland. Pure Irminger water no longer reached even Cape Farewell, and Irminger Mode (Irminger mixed with local) water became scarce at more northerly Fylla Bank. Consequently, during this period NAO fluctuations affected West Greenland temperatures directly (and more or less immediately) through local atmospheric conditions, rather than by driving the long-distance movements of water mass, as had previously been the case.
COD TO SHRIMP
The rise and fall of West Greenland's cod fishery has been widely noted as an instance of climatic change affecting modern human affairs (e.g., Mattox, 1973; Buch and Hansen, 1988; Vilhjálmsson, 1997; Hamilton et al., 2000) . When Irminger water flowed northwards along the SW coast of Greenland after 1917, it carried Atlantic cod from their main spawning grounds west of Iceland, and intermittently created favorable conditions for local West Greenland spawning as well. This new fishery resource became the focus of development for Greenland's economy and infrastructure, including the distribution of settlements. Like other Atlantic cod populations, the West Greenland stocks came under heavy fishing pressure from an international fleet after World War II. Total catches exceeded 400 000 metric tons as cod from favorable spawning years matured: this occurred in 1962 -63, for the 1956 -57 year class, and in 1967, for the 1960 -61 year class (Smidt, 1989) . With such huge removals and declining conditions, however, catches dropped below 100 000 metric tons a few years later and never regained a high level (Fig. 5 ). By 1992, West Greenland's cod were essentially gone.
Overfishing played a central role in their demise, as it did in other Atlantic cod fisheries (Rätz, 1992 (Rätz, , 1999 . Fishing pressure interacted with climatic events, however. The cold Arctic water of GSA '70s created unfavorable conditions for spawning in the late 1960s, while trawler fleets were rapidly consuming mature stock. Since older cod tend to be individually and reproductively more robust, fishery removals were actually increasing the stock's vulnerability to climatic variation. Inflows of warm Irminger water declined after 1970, so that few young cod drifted in from Iceland. The current returned briefly in 1984, and cod arriving in that year subsequently matured to supply one last spike for the fishery in 1988 -90. But ultimately the combination of overfishing, water too cold for spawning, and lack of outside recruitment proved fatal to West Greenland stocks. In the late 1990s, atmospheric conditions warmed sea temperatures back up to their early-1960s levels. But there were no cod left to spawn, and the Irminger Current no longer flowed northwards bringing new recruits.
As Greenland's cod fishery collapsed, an expanding fishery for northern shrimp (Pandalus borealis) took its eco- nomic place. Figure 5 shows total West Greenland (NAFO subarea 1) catches of shrimp, primarily by Greenlandic vessels, increasing from about 10 000 metric tons in 1972 to more than 70 000 metric tons in the 1990s. Shrimp catches reached a maximum near 80 000 metric tons in 1992, and subsequently varied around somewhat lower levels. Greenlandic vessels also dominate the smaller East Greenland shrimp fishery, where catches ranged from 3000 to 7000 metric tons during the 1990s (Hvingel, 1999b) . Shrimp became Greenland's chief export, accounting for over 70% of total export value during 1992 -99 (Statistics Greenland, 2000) . Although shrimp replaced cod economically, its benefits have been distributed differently within Greenland society (Hamilton et al., 2000; Rasmussen and Hamilton, 2001) . Figure 5 depicts an economic transition, from cod fishing to shrimp fishing. The fishery changed because its underlying ecosystem had shifted from one dominated by predatory finfish to one in which top predators (not only cod, but other demersal fish; see Rätz, 1999) became scarce, and a zooplankton-eating invertebrate (shrimp) became more common. That ecological change follows worldwide patterns of "fishing down food webs" described by Pauly et al. (1998) (also see Jackson et al., 2001) . Figure 6 shows biomass trends for cod and shrimp. Although this graph must be interpreted with caution, it is consistent with the hypothesis that the codfish collapse removed a predatory constraint on shrimp populations. The cod and shrimp surveys employed different sampling methods and geographical coverage, so they are not strictly comparable. Moreover, there are inevitably large uncertainties in biomass estimates. Uncertainties in the Greenland shrimp survey results have been quantified, as shown in Figure 6 (based on Carlsson and Kanneworff, 2000) . Unfortunately, we have limited information about shrimp abundance before these surveys began in 1988. Efforts to fill this gap using catch-per-unit-effort (CPUE) calculations yield estimates that vary wildly from year to year (Hvingel et al., 2000) . CPUE interpretations are complicated by the increasing efficiency of trawling, as well as by the fact that the early shrimp fishery was concentrated in Disko Bay.
Cod-shrimp relationships are not well studied off West Greenland. Research on their counterparts in the Barents Sea, however, suggests that the cod there control the shrimp population (Berenboim et al., 2000) . A recent meta-analysis by Worm and Myers (2003) found that most of the available North Atlantic biomass time series are consistent with the predator-control (top-down) hypothesis. They also note interactions with temperature. Newfoundland provides other salient examples: crustaceans (snow crab, Chionoecetes opilio, as well as northern shrimp) became more abundant as the cod disappeared (Hamilton and Butler, 2001) . We suspect that a similar dynamic occurs off Greenland, where snow crab catches have also increased recently (NAFO, 2002).
Greenland's earliest shrimp fishery centered on Disko Bay. It gradually expanded as fishable stocks were found farther south. Fishery expansion probably tracked an expanding shrimp distribution, as cod thinned out and vanished from the south. But this effect was confounded by technological innovations (for example, rockhopper gear) that opened new areas to exploitation. Figure 7 maps the known biomass of northern shrimp off West Greenland in 1988, when the modern shrimp survey began, and in 2000. For simplicity just three settlements-Sisimiut, Paamiut, and the capital city of Nuuk-are marked on these maps. In the 1980s, the major known resource centered on Sisimiut and points north. (Smaller concentrations also existed in the fjords of the Julianehåb Bay in South Greenland, which were not covered by the survey.) Starting in the early 1990s, increasing offshore shrimp concentrations were discovered south of Nuuk and down towards Paamiut. The next section considers how these marine changes were felt on land. (Rätz, 1992) and shrimp biomass (Carlsson and Kanneworff, 2000) off West Greenland, 1955-2000. Approximate 95% confidence intervals (± 2 standard errors) shown with shrimp biomass estimates.
A TALE OF TWO CITIES
Two West Greenland municipalities marked in Figure 7 , Paamiut and Sisimiut, followed contrasting paths during the cod-to-shrimp transition. Paamiut had been developed as a cod fishing center, but lost its main resource with the codfish collapse and subsequently saw its human population decline because of out-migration. Sisimiut, 500 km farther north, was less specialized. Its fishermen pursued multiple species, including shrimp. As cod faded and shrimp became the dominant catch, Sisimiut grew rapidly (Hamilton et al., 2000; Rasmussen and Hamilton, 2001) .
Commercial fishing started at Ilulissat and other settlements in the late 1800s, reaching Sisimiut around 1910 (Rasmussen and Hamilton, 2001) . Initiatives came at first from outsiders, notably fishery research vessels and trading post managers, although Greenlanders did inshore catching and processing work, often using their own equipment. Greenlandic initiatives at Sisimiut, beginning in the 1920s, marked a new stage of development.
Nathan Larsen of the Sisimiut Museum has compiled archives, correspondence, and oral histories about Sisimiut. Some of this historical material is presented in his forthcoming book, Arfaggikkutta Taperumaaipoq ('When we catch more whales, we will give more'). The title refers to a letter written in 1771 by Sisimiut people to the King of Denmark, asking him to build them a church. They sent along the profits from four whales, and promised that when they caught more whales, they would send more money. The church was built around 1774, and stands today next to the Sisimiut Museum. Nowadays, "When we catch more whales..." has become an expression repeated when presenting a gift. This story resonates with the observations about Sisimiut and social capital in our Discussion.
Larsen's next book (tentatively entitled Nakuak) will concentrate on the emergence of a Greenlandic fishery in Sisimiut. Atlantic halibut (helleflynder, Hippoglossus hippoglossus) provided a subsistence resource known from pre-colonial times. (Today, the smaller Greenland halibut (hellefisk, Reinhardtius hippoglossoides) is Greenland's second most valuable catch after shrimp.) Danes began fishing halibut commercially in this area around 1910, and taught local men the trade (Smidt, 1989) . A canning factory, representing an advance over earlier salting methods, came to Sisimiut in 1924. In 1928, Sisimiut resident Elias Kleist and five partners pooled resources and became the first Greenlanders to purchase their own fishing vessel, the 36-foot Nakuak ('strong'). Their enterprise was . Each circle represents the mean for any trawls within a 1/5˚ latitude × 1/2˚ longitude cell. Raw data from the Greenland Natural Resources Institute (Grønlands Naturinstitut); see Carlsson and Kanneworff (2000) .
successful, landing 32 metric tons of halibut in its first season. Greenland's first shipyard was built in Sisimiut in 1931. These early developments, physically concentrated along the west shore of Sisimiut's harbor, placed the town at the forefront of Greenland fishing.
Overfishing by European longliners contributed to the disappearance of Atlantic halibut by the mid-1930s, forcing fishermen and the Sisimiut factory to seek other resources. The manager of the canning factory, Martin Hansen, recognized that shrimp provided one alternative. Four former halibut boats began fishing for shrimp in 1935, and the canning factory was converted accordingly (Smidt, 1989) . Meanwhile, cod became even more important. "Everyone with a boat" could go fishing for the abundant cod during the late 1930s and 1940s. Motorized vessels towed dories offshore for jigging. Inshore, small boats fished with jigging wheels, or later cod traps and gillnets. It required a relatively large vessel like the Nakuak, however, to trawl for shrimp. Kleist and his crew began fishing for shrimp near Sisimiut in 1938, at a time when their neighbors did not yet see the value of this nontraditional resource "which are so tiny and we can't even live on them." Rich catches sold to the Sisimiut factory (or after 1950, to a new factory built at Qasigiannguit, nearer to the main Disko Bay shrimp banks) changed some minds, but the localized shrimp fishery was not on nearly the same scale as the cod fishery.
Two patterns visible in Sisimiut's nascent shrimp fishery foreshadow events in the later cod-to-shrimp transition. First, complex interactions occur among physical, biological, and social systems. Atlantic halibut, an early commercial target, was depleted by overfishing. Cod grew more abundant as their range extended northwards with Irminger water. From its beginnings, the shrimp fishery required greater capital investment (for both catching and processing) than the cod fishery. Shrimp also were concentrated in particular locations. Thus, for both economic and geographical reasons, shrimp fishing was not an option for everyone.
Second, social capital plays a role. Elements of foresight, cohesion, and political effectiveness (for example, by Kleist and his partners) help explain why Sisimiut, rather than some other northern settlement, so readily took advantage of shrimp resources. Other Sisimiut developmentsincluding not only the first private vessel (1928), but the processing plant (1924), shipyard (1931) , and technical school (1948)-supported the new industry and paint a picture of an enterprising, politically connected town.
Paamiut, like Sisimiut, was an early site of commercial fishing. Trading began with the first wave of cod in 1917, and a building for salting cod was erected in 1920. Paamiut developed at a slower, more externally controlled pace than Sisimiut, however. Development accelerated after government planners in the late 1950s identified Paamiut as geographically ideal for industrial development because of its location in the open-water district and access to cod. The government made substantial investments in a new fish processing plant, where production began in 1967, and in large trawlers that could supply this plant with fish, beginning in the early 1970s (Rasmussen and Hamilton, 2001) . For a time, Paamiut's plant was the largest in the North Atlantic. Around this cod industry, Paamiut was expected to grow through in-migration and become Greenland's second-largest settlement. Cod catches proved unpredictable, however, and the anticipated in-migration did not materialize.
Cod landings at Sisimiut varied between about 2000 and 5000 metric tons over most of the 1950s and 1960s. Landings fell sharply in 1968, and thereafter fluctuated erratically around a low average. By the late 1960s, northern fishing grounds, including those around Sisimiut, were feeling the effects of cod depletion and environmental change. Historically flexible, Sisimiut's fishing activity shifted towards shrimp and other species.
Paamiut cod landings had been comparable to Sisimiut's in the 1950s and 1960s, but subsequently peaked above 9000 metric tons per year in 1978-82 and passed 14 000 metric tons in 1989-before falling to near zero, as cod utterly collapsed. The small quantities of shrimp found in neighboring fjords were not enough to replace cod, nor were there other resources suitable for large-scale industrial processing. With the cod collapse, Paamiut's overall landings value dropped precipitously. Meanwhile Sisimiut, now a shrimping center, maintained a high level of landings. Population growth in Sisimiut, and decline in Paamiut, reflected the fortunes of their divergent fisheries (Hamilton et al., 2000) .
The 1988 map in Figure 7 shows known shrimp biomass concentrated north of Sisimiut, around Disko Bay. During the boom days of the shrimp fishery, Sisimiut built up catching and processing capacity. A production plant for peeled shrimp had been established in 1969, with a capacity of three metric tons per day. Investment in large freezer-trawlers in the early 1970s added at-sea processing as well as catching capacity. Shrimp landings in Sisimiut grew from under 1000 metric tons in 1975 to more than 8000 metric tons in 1988. Paamiut took little part in this boom. A small private company produced shrimp until 1971, but subsequent shrimp landings averaged only a few hundred metric tons per year, requiring limited processing capacity (Rasmussen and Hamilton, 2001) .
Landings represent only a fraction of current West Greenland shrimp catches. In earlier times, the main product was peeled shrimp, which required processing and created employment on land. Nowadays, however, much of the catch is packed and frozen whole, aboard factory trawlers at sea. Whole frozen shrimp command higher prices, but their processing creates fewer jobs. In order to maintain some employment, the Home Rule government requires that at least 25% of the shrimp catch be landed and processed at onshore plants. Such landings provide one rough indication of how shrimp-fishery benefits are distributed among communities. Figure 8 represent only a fraction of the total catches by Sisimiut vessels. Even among the reported landings, we mapped only those for which plausible catch locations were reported. The map gives an imperfect but useful representation of how Sisimiut's early dominance persisted even after its environmental advantage waned. Sisimiut was landing, and its workers were thus profiting from, shrimp caught all along the southwest coast. Large offshore trawlers registered in Sisimiut were even more wide-ranging, although their processed-at-sea catch does not show up in these landings data. In 1996, Sisimiut's medium-and large-vessel fleet totaled more than 4000 gross registered tons (Rasmussen and Hamilton, 2001) . (Fig. 7) , these brought limited local benefit. The catching and processing capacity built up in Sisimiut and other ports during the growth days of the shrimp fishery allowed those ports to continue dominating the fishery even as catch locations extended farther south. In 1996, Paamiut's medium-and large-vessel fleet totaled only about 1000 gross registered tons, one-fourth that of Sisimiut (Rasmussen and Hamilton, 2001) . Because other ports already had capacity to catch and process all the existing shrimp, there was no room for new investments in Paamiut.
In 1989, a new fishery for snow crab was organized in Nuuk. The resource proved too limited in Nuuk fjord, but more promising in the vicinity of Sisimiut. Sisimiut residents invited Canadian fishermen to teach them crab fishery techniques and began local manufacture of traps. Sisimiut became the center of this new fishery. Snow crab were found around Paamiut as well, but production there lagged behind that of Sisimiut, Aasiaat, and Nuuk until the government transferred a processing vessel (indhandlingsskib) to Paamiut in 2000. This vessel provided welcome economic activity, although it also conformed to the historical pattern of top-down development in Paamiut, contrasting with more local initiatives in Sisimiut.
Sisimiut and Paamiut are only two of the 14 municipalities of West Greenland. Their polar experiences during the cod-to-shrimp transition made them the focus of this analysis, although each other place has an interesting story too. Data on the other municipalities appear in Hamilton et al. (2000) .
DISCUSSION
Examining West Greenland's cod-to-shrimp transition, we followed links from large-scale climatic shifts through local ocean conditions, a marine ecosystem, and economic activity, and ultimately, to the fate of two coastal communities. This unique case study could have broader relevance in the 21st century, as other societies face climatic change.
Greenland society, dependent on marine resources and living on the margins of an ice sheet, is exceptionally vulnerable to climatic change. This high-latitude environment did, in fact, experience some of the greatest climatic variations of the 20th century. Even so, we see that social forces filtered the human impacts of climatic variations. The divergent histories of Sisimiut and Paamiut show the characteristics of "path-dependent systems," in which outcomes relate stochastically to initial conditions and also depend upon factors that mediate between initial conditions and eventual outcomes (Goldstone, 1998) . The initial conditions include natural resources, sometimes called "natural capital." The mediating factors can be character- ized as three other types of capital-physical, human, and social-that have importance for economic development.
Natural capital denotes environmental wealth such as resources, climate, and geography. Location conferred environmental advantages and disadvantages with respect to the shifting fish stocks. While cod were commercially important, Paamiut's natural-capital endowment encouraged government support for industrial development. As the transition to shrimp unfolded, however, Sisimiut's natural capital conferred new and unforeseen advantages. Differences in natural capital affected, but did not determine, the subsequent outcomes.
Physical capital investments, notably in shrimp processing and trawlers, channeled the distribution of benefits from environmental change. Communities where shrimpfishery investments were made early in the transition built more than enough capacity to capture the entire resource, leaving little justification for additional investments elsewhere. Sisimiut, close to the initial concentrations of shrimp, was the first to exploit this new resource, and built capacity to pursue it even as shrimp fishing extended southwards. But other northern settlements, also near the shrimp, did not necessarily do likewise. If we ask why those investments took place where they did, other factors come into view.
Human capital involves skills and education. Sisimiut's historically more diverse economy supported a wider range of workforce skills than did Paamiut's concentration on cod fishing. Diversity proved to be an adaptive advantage, both for developing the new fishery and for sustaining other economic activities.
Social capital, the least tangible type, refers to social networks and norms of cooperation (Coleman, 1988) . The enterprising spirit and social cohesion that enabled Elias Kleist and his partners to purchase Nakuak, the first private Greenlandic fishing vessel, appears in other episodes of Sisimiut history as well. It also comes up in some Greenlanders' accounts of the character of Sisimiut today. In contrast, the cod-industry development in Paamiut had been driven primarily by external initiatives, starting with plans from the main office of the Greenland Technical Organization (GTO) in Copenhagen to build a state-ofthe-art processing plant.
In both Sisimiut and Paamiut, government support for processing plants, trawlers, and other enterprises, which proved so important, also reflected differences in social capital. In Paamiut there was limited social contact between the local community and the institutional framework behind the decision process, whereas in Sisimiut connections were stronger. Government decisions are influenced by family networks that tie political leaders to their home communities. Sisimiut's representatives have been notably effective: "They are not sleeping," as residents approvingly remark.
Climatic change increased the salience of differences in natural, physical, human, and social capital. Sisimiut's natural capital (nearby shrimp) conferred one early advantage, but its ability to exploit that advantage resulted from an adaptive capacity afforded by its particular blend of physical, human, and social capital. That Sisimiut would prosper during the cod-to-shrimp transition was by no means assured, but rather emerged from the interactions among various types of capital-in a path-dependent fashion.
From this West Greenland case study, we suggest two general propositions about the human dimensions of climatic change. First, socially important environmental changes result not simply from climatic change, but from interactions between climate, ecosystem, and resource usage. For example, resource exploitation that is near its sustainable limits could rapidly become unsustainable when a less favorable climate reduces those limits (see Amorosi et al., 1997 , for parallel observations about the medieval North Atlantic). Second, environmental changes affect people differentially through interactions with social factors. Social networks and cohesion (social capital), as well as skills (human capital), investments (physical capital), and alternative resources (natural capital), shape how the benefits and costs are distributed.
